This article describes one approach to assessing the effects of perinatal care-that adopted by the National Perinatal Epidemiology Unit in Oxford, England. The unit's research has been based primarily on a combination of simple, descriptive analyses of observational data and statistically robust analyses of evidence derived from randomized controlled trials.
Just over 15 years ago, an official committee pointed out that the stillbirth and infant mortality rates in England and Wales were higher than in many other comparable countries and that the rates appeared to have been declining more slowly than elsewhere (34). Among other things, the committee attributed these unfavorable mortality statistics to deficiencies in maternity services. Furthermore, the report suggested that these alleged failings of the services were resulting not only in substantial numbers of avoidable deaths, but also in many preventable handicaps among children who survived infancy.
The committee's suggestions were noted by people inside and outside Parliament, notably the All Party Parliamentary Group on Disablement and the Spastics Society (a voluntary organization). As a result, a number of campaigns were launched to raise public awareness of the problem and to put pressure on the government to act. Consequently, the Social Services Committee of the House of Commons began an enquiry into perinatal and neonatal mortality. In its report, the committee claimed that deficiencies in maternity services were resulting in 3,000-5,000 avoidable perinatal and neonatal deaths and at least 5,000 avoidably handicapped children in England and Wales every year (140) . These estimates were, in fact, built on shaky foundations because they relied principally on inferences derived from analyses of crude (all-cause) mortality statistics. There was (and is) little evidence to suggest that international and intranational variations in crude perinatal mortality rates are sensitive indicators of the quality of care received in maternity services (26;28;31;90;91). There is even less evidence that actions taken within these services have a substantial beneficial impact on the burden of handicap in childhood (13;16;17;27;29;30;61;78;79) .
In spite of the uncertain validity of the conclusions reached by the Social Services Committee and others, there was little in the way of challenge from any quarter, and virtually no challenge from obstetricians and neonatologists. Indeed, one clinician who gave evidence to the committee estimated that at least 30,000 (and possibly as many as 50,000) new cases of avoidable handicap were occurring every year as a consequence of underfunded perinatal health services. Not surprisingly, claims such as these strengthened the growing assumption among the public that the explanation for a perinatal death, or a child's disability, should be sought in deficiencies in perinatal care. Possible policy implications of the strong correlations between adverse social circumstances and the risk of stillbirth, infant death, and developmental delay during childhood were noted (19;85;90;126) , but were largely passed over. As parliamentary and public pressure on the government mounted throughout the late 1970s and early 1980s, the emphasis was on the need for increased investment in perinatal health services.
THE NATIONAL PERINATAL EPIDEMIOLOGY UNIT
At an early stage in the national discussion of the perinatal health services, the Department of Health decided to support a proposal, which had been made jointly by the Royal College of Obstetricians and Gynaecologists and the British Paediatric Association, to establish a national research unit to monitor and investigate perinatal health and health services. As a result, a decision was made to establish a national perinatal epidemiology unit, funded mainly by the Department of Health, "to provide information which can promote effective use of resources in the perinatal health services" (72).
In order to provide such information, the new unit had to conduct research to assess whether particular forms of care do more good than harm. Information derived from such research is a prerequisite for rational audit and planning of practice and resource distribution. It was Cochrane (33), in his classic monograph "Effectiveness and Efficiency: Random Reflections on Health Services," who first spelled out clearly the need to audit the "process" of health care by reference to the "outcomes" that the care was intended to influence. Cochrane's principles have guided the work of the National Perinatal Epidemiology Unit since its inception (13) . In other words, the unit's program of research is based on the premise that the concept of "health service efficiency" has no meaning unless it relates to the delivery and management of services that have been shown to be effective in improving the outcome of care.
Although the main objective of the unit's work has been to assess the effects of policies used within the perinatal health services, the unit's research has been pursued with an awareness of the ways in which these effects can be influenced by wider social and environmental factors (19;31;39;47;50;55;58;90;120;121;123;126) . Some of these factors have been investigated, such as patterns of work during pregnancy (52;110;124; 135), seasonal variations in the infant mortality rate (7;70;86) , and the problems faced Technology assessment in perinatal care
RESEARCH STRATEGIES ADOPTED TO ASSESS THE EFFECTS OF CARE
Judgments about whether particular health service and clinical policies are more likely to do good than harm must draw on a variety of different forms of evidence (21) . The research methods used by the unit to assess the effects of care have included historical and interpretative sociological research; standard epidemiological study designs such as correlational analyses, case-control studies and nonrandomized cohort studies; and controlled prospective experiments.
Simple descriptive information about the people using the services, the care that they receive, and the problems that they experience is often helpful in stimulating, planning, or interpreting studies designed to assess the effects of care. The unit has made very intensive use of information derived from routinely collected statistics (88;95), conducting ad hoc surveys only when the information required cannot be obtained from existing sources. For example, after analyses of routinely collected statistics of multiple births had revealed a decrease in mortality among triplets and higher-order births (2), a national study of these births was conducted to obtain information about the care given to the mothers during pregnancy and delivery and about the problems that triplets pose for parents and health and social services (4). Other surveys have been conducted to document the wide variations in practice in the care of women and babies in pregnancy, during labor, and after delivery (5;45;53;54;56;57;59;73;74;138). These variations suggest collective professional uncertainty about the effects of care, and their results can be used to prepare the ground for properly controlled experiments to address these uncertainties.
Because many questions about the effects of care cannot be addressed using controlled experiments, the unit has used routinely collected data, surveys, and nonrandomized cohort studies to explore the effects of some policies, for example, whether encouraging a policy of universal hospitalization for delivery affects the risk of perinatal death (8;9;10;14;109). Similar methods have been used to assess the effects of providing life-saving intensive care for very vulnerable newborn infants on the prevalence of morbidity in childhood (79;116). Studies using observational data have also been conducted to examine the relationship between provision of resources and perinatal mortality. One such study found that, after taking account of differences in birth weight distributions, levels of neonatal mortality in the maternity hospitals within a health region were negatively associated with levels of pediatric staffing in the hospitals (108;143) .
Although the effects of some policies must be explored using analyses of observational data, the effects of others can be, and have been, evaluated in properly controlled experiments. In collaboration with people in the United Kingdom and a number of other countries, the unit has acquired extensive experience in conducting controlled trials of perinatal care. These trials have been designed to test hypotheses about the effects of both medical and social interventions on the range of outcomes noted earlier. Most of these fall within one of three broad areas of investigation.
In the first group of trials, strategies for reducing postpartum maternal morbidity have been investigated. These trials include assessments of active management of the third stage of labor (129) , episiotomy (133) , instrumental delivery (12;146), perineal suturing (67;100;141), bath additives (137), perineal floor exercises (136) , and ultrasound and pulsed electromagnetic energy therapy (68), as well as practices aimed at reducing nipple trauma among breastfeeding mothers (132) .
Trials in the second group have been conducted to identify effective ways of reducing the problems that babies experience as a result of being born too early or too small. These trials include multicenter trials of cervical cerclage (97) ; early intervention for neonatal posthemorrhagic ventricular dilatation (147); dexamethasone for bronchopulmonary dysplasia (62); high-frequency artificial ventilation for infants in need of respiratory support (145); administration of an antiplatelet agent (aspirin) in women at high risk of hypertensive complications of pregnancy (32); and comparisons of different strategies for administering exogenous surfactant to reduce morbidity from neonatal respiratory distress syndrome (64).
Trials in the third group have been designed to assess ways of identifying and treating the compromised baby. These include trials comparing chorionic villus sampling and amniocentesis for prenatal diagnosis of fetal chromosomal abnormalities; assessment of routine fetal movement counting (63;65) and routine ultrasound placental grading during the third trimester of pregnancy for identifying the compromised fetus (130); and a comparison of more intensive with less intensive ways of monitoring the fetus during labor (84).
Randomized trials within these and other fields are now being organized and coordinated within the context of a Perinatal Trials Service based within the unit (60).
SYNTHESIS AND DISSEMINATION OF INFORMATION FOR GUIDING PRACTICE AND RESEARCH
Although the unit has organized a strong program of primary research to assess the effects of perinatal care, it has also tried to play its part in setting the results of this research in a wider context, in ways intended to be helpful to those who work in and use the health services, as well as to other researchers.
At its simplest, this part of the unit's work has involved drawing attention to the problems created by use of a variety of definitions of the terms used within the perinatal field (87;93;101), and proposing ways in which these might be standardized (6;43;44;115;149). The unit has also collated and published information about ad hoc and ongoing perinatal surveys (37;38;112;114), and has suggested ways in which information can be assembled and presented for monitoring and auditing the perinatal health services (l;18;28;83;89;102;104;107;113;144). A theme running through the unit's publications in this field has been the need to develop and use sources of routinely collected information to the fullest extent possible (18;28;89;94;96) .
In addition to playing a part in the development and use of information systems for describing the characteristics of those who use the services, the care that they receive, and the problems that they experience, the unit has also coordinated a systematic review of evidence about the effects of care. Prior to the inception of the unit, work had begun on assembling a register of published reports of properly controlled trials in perinatal medicine, with a view to conducting a systematic and quantitative synthesis of the results of these relatively unbiased comparisons of alternative forms of perinatal care. As a result, more than 6,000 reports of perinatal trials published in more than 250 journals have been identified (25;117)-probably the most complete identification of the controlled clinical experiments available in any major medical specialty (36). In addition, because some valid and relevant studies have not been reported, 40,000 obstetricians and pediatricians in 18 countries were surveyed in an attempt to flush out unpublished trials (71).
Within the framework of overviews (meta-analyses) of similar trials (when appropriate), the results of these published and unpublished studies have been synthesized to assess the effects of particular elements of perinatal care more reliably. These analyses have been described and discussed in detail in a 1,500-page book (24) and summa-rized in a 400-page paperback (42). In the concluding chapters of both books, forms of care used during pregnancy and childbirth have been grouped, on the basis of the available evidence, into four mutually exclusive categories: (a) those that have been shown to reduce the frequency of negative outcomes; (b) those that show promise, but require further evaluation; (c) those that have unknown effects; and (d) those that should be abandoned (see Appendices).
Many of the analyses on which this process of categorization have been based are being updated on a continuing basis as new data become available. These updated analyses are being made available through an electronic publication (23) . Every 6 months, the updated analyses are distributed on floppy disks to subscribers, who can examine them after transferring the information onto the hard disk of an IBM (or IBM-compatible) personal computer.
The information contained in these three publications should be helpful to people wishing to audit perinatal care and promote effective use of resources in the perinatal health services. In some instances, the results of the analyses imply that a form of care should be more widely adopted (for example, administration of corticosteroids prior to preterm delivery to reduce morbidity in immature babies). In other instances analyses suggest abandoning forms of care that, on the basis of the best available evidence, represent a misguided use of limited resources (for example, advising women to restrict weight gain during pregnancy).
For many elements of current or proposed forms of care, however, there is insufficient evidence on which to base informed recommendations, and therefore no sound basis for audit or resource distribution. People responsible for funding, delivering, and auditing perinatal health services, as well as researchers, will wish to consider how to obtain such evidence as efficiently as possible, so that informed decisions can be made about whether these elements of care should remain (or become) components of the services.
To help them to do this, the unit has been involved in establishing two sources of information about research in progress, and completed, though unpublished, research (22;71). The first of these sources contains information about planned, ongoing, and completed but unpublished randomized controlled trials. Information about these trials is currently being disseminated through the 6-monthly disk issues of the electronic publication referred to earlier (23) . The other source of information about unpublished research is a database of research in midwifery compiled by the unit, also held on computer, from which an annual report is issued (99) . This has been particularly important in light of the rapid growth of interest among midwives in research evaluating their practice (81;133;134).
FUTURE POSSIBILITIES
During the past decade there has been a rapidly increasing appreciation of how important it is to minimize biases in comparisons of alternative forms of care so that trustworthy evidence can be generated about their relative effects. The need for randomized trials has been accepted not only by a substantial proportion of the professionals working in the services, but also by representatives of the women who use them. Indeed, user groups have begun to demonstrate a strong interest in organizing and running their own randomized trials.
Since its inception, the unit has invited criticisms of and comments on its work from organizations and individuals representing the interests of people using the perinatal health services. The unit has produced several publications with this particular readership in mind (4;11;41;42;55;95;125;127;134) . The involvement of women who use the services in the evaluation of their care will help to increase public recognition of the need for reliable evidence upon which to base perinatal practice. Even more important, this trend should help ensure that research is conducted to address questions that women themselves find relevant.
By contrast with the increased recognition of the need to minimize bias in evaluating treatment, there remains an inadequate appreciation of the need to study large enough samples to reduce (to an acceptable level) the likelihood of being misled by the play of chance, by "random errors." Nevertheless, there are encouraging signs that things may change during the 1990s. Neonatologists, obstetricians, midwives, and women at large have begun to collaborate in trials of the size required to produce useful information. These studies need not be complex or prohibitively expensive; nevertheless, resources are required to ensure that they are designed, run, and analyzed efficiently. In light of the relative lack of commercial and charity funding for perinatal research (compared with research in cancer and cardiovascular disease, for example), public funding agencies have a particular responsibility to foster the collaborative perinatal studies that are required.
Finally, what should one expect in terms of the application of the results of research to policy and practice? A prerequisite is effective communication of research results to those who can influence the patterns of perinatal care. It has been traditional to perceive the professionals working in the services as the main agents for change. Sometimes the developments that professionals have fostered within the perinatal health services have been based on good evidence that the changes in practice are more likely to do good than harm; often, however, they have not, sometimes with disastrous consequences.
It is inevitable that mistakes will continue to be made in developing the services; however, it seems likely that people other than the clinicians working in the services will want to make more concerted efforts to try to ensure that mistakes are minimized in the future. Categories of people who can be expected to make greater efforts to influence the pattern of perinatal care range from users and potential users of the services who want to maximize their chances of receiving care that offers an acceptable balance of effectiveness and safety, through to third-party funders, who will become increasingly reluctant to meet the costs of forms of care that have never been shown to do more good than harm. Third-party funders have a particular duty to ensure that new forms of care are introduced and reimbursed only within the context of properly controlled trials. This principle already exists with respect to drugs. Unless it is adopted with respect to other components of health care, properly informed decisions about deployment of resources within the health services will not be possible (20;131;148) .
The history of perinatal care is replete with examples of well-intentioned but misguided innovations. Because the vast majority of women and babies are healthy, there is a special duty to ensure that the care offered to them has been shown to be likely to do more good than harm. As it embarks on the second decade of its existence, the National Perinatal Epidemiology Unit will continue to work with others to fulfill this duty. 
